We examine the trades of index funds and other institutions around S&P 500 index additions. We find index funds begin rebalancing their portfolios with the announcement of composition changes and do not fully establish their positions until weeks after the effective date. Trading away from the effective date is more prevalent for stocks with lower levels of liquidity and among large index funds, which is consistent with index funds accepting higher tracking error in order to reduce the price impact of their trades. Small and mid-cap funds provide liquidity to index funds around additions, and added stocks with a greater proportion of these natural liquidity providers experience lower inclusion returns.
Introduction
Index composition changes have a substantial impact on stock prices. For example, stocks newly added to the S&P 500 rise 7.35% on average between announcement and the effective date. Several explanations have been offered for this phenomenon. Shleifer (1986) argues that index composition changes are information-free and suggests the price response reflects downward-sloping demand curves for stocks. Investors require beneficial prices to trade with passive index funds due to the lack of close investment substitutes. Harris and Gurel (1986) make a similar argument but suggest the effect is 1 In this article, we study the strategic response of index funds to the anticipated price pressure associated with S&P 500 index additions. The optimal trading strategy depends on how index funds weigh the benefits of higher expected returns from trading away from the effective date with the costs of greater expected tracking error. The prevailing view holds that index funds adjust their portfolios on the effective date. Beneish and Whaley (1996) suggest indexers can enhance returns by trading during the announcement period, yet Blume and Edelen (2004) find the tracking errors associated with trading early are high relative to those observed in practice. On the other hand, Elton, Gruber, and Busse (2004) find no relation between tracking error and investor flows into index funds, which suggests investors may support trading strategically around composition changes. We analyze holdings and transaction level data from index funds and other institutions around S&P 500 index composition changes. Our analysis of 145 index changes reveals a number of new and interesting results. We find index funds do trade strategically around index changes. Indexers tend to trade newly added stocks beginning with the announcement of the composition change, and they do not fully establish their positions until weeks after the effective date. For example, of the $214 million traded on average by our sample of index funds in the period between the announcement and 5 days after the effective date, we find roughly 50% takes place before or after the effective date.
Empirically, the decision to trade strategically around the effective date is largely driven by fund characteristics. We find large index funds that demand the most liquidity are more likely to trade before and after the effective date. Moreover, once a fund instigates a plan to break up trades around the effective date, it tends to continue the practice at future composition changes. At the stock level, we find that index funds are more likely to trade illiquid stocks before the effective date. After controlling for liquidity, index funds are more likely to trade larger stocks early, which is consistent with their larger role in the index. All the observed patterns are consistent with index funds responding to price pressure associated with index changes.
Demand from index funds for newly added stocks is primarily accommodated by other institutional investors. In particular, small-and mid-cap funds provide roughly 70% of the shares bought by index mutual funds in the quarter around inclusion. The result is consistent with included stocks previously experiencing a period of strong performance, which increases their size and makes them less attractive to funds that emphasize small stocks. We further document that stocks with a larger fraction of shares held by natural liquidity providers experience significantly smaller inclusion price effects. For example, a one standard deviation change in the percentage held by small-and mid-cap funds leads to a 2.99% smaller return from the announcement to the effective date.
Strategic trading by index funds around composition changes has a beneficial impact on performance. Trading strategically before or after the effective date, rather than at the closing price on the effective date, produces incremental dollar profits of roughly $500 million for funds in our sample. Using transaction-weighted average purchase and sales 1 Work that supports either short-or long-term downward sloping demand curves includes Beneish and Whaley (1996) , Lynch and Mendenhall (1997) , Kaul, Mehrotra, and Morck (2000) , Wurgler and Zhuravskaya (2002) , and Greenwood (2005) . Other work considers potential changes to firm fundamentals following composition changes (e.g., Denis, McConnell, Ovtchinnikov, and Yu, 2003). prices to measure returns, we also consider the effects of strategic trading on portfolio returns. Based on the annual number of index changes and the weights of the newly added stocks, we find that trading on the day following announcement would improve portfolio performance by roughly 10 basis points per year. The strategy is not riskless, however. It would have produced losses in one of the sample years, and the strategy has a standard deviation of 11 basis points across years.
Scaling the incremental portfolio return from trading at various dates around the effective date by the incremental risk, we find the information ratio is maximized on the effective date, which may explain why roughly half of index fund trading takes place on the effective date. On the other hand, Elton, Gruber, and Busse (2004) find that index fund flows are significantly related to performance but are unrelated to tracking error volatility. Thus, if a fund manager is interested in maximizing assets under management, our evidence suggests the optimal strategy is to trade strategically around the effective date and specifically on the date following the announcement.
The remainder rest of the paper is organized as follows: Section 1 describes the sample, presents evidence on stock returns following S&P composition changes, and discusses potential explanations. Section 2 examines index fund trading around index composition changes and investigates how variation in liquidity across stocks influences price pressure. Section 3 considers the performance implications of strategic trading, and Section 4 concludes.
Data and descriptive statistics

Transaction data
Institutional transaction data are obtained from the Abel Noser Corporation, a consulting firm that helps institutional investors track and evaluate their transaction costs.
2 Each observation in the dataset corresponds to an executed trade. For each trade, the dataset reports the date of the trade, the stock traded, the volume traded, the execution price of the trade, a client identifier code, and a manager identifier code. The client identifier code corresponds to the institutional investor that is subscribing to the Abel Noser services. Clients include both pension plan sponsors (e.g., CalPERS and the YMCA Retirement Fund), as well as money managers (e.g., Fidelity and Vanguard). The money manager code corresponds to either external fund managers hired by the plan sponsor or different portfolio managers within the firm.
The dataset captures all the trades for a portfolio manager in any given month, which allows us to infer which funds are S&P 500 index funds from the funds' trading behavior. We identify index funds by searching for portfolio managers that trade over 450 S&P 500 stocks in a month and also trade no more than 5% of stocks that were not members of the S&P 500. Portfolio managers that meet the criteria for a particular month are flagged as potential index funds. We then analyze the time series behavior of the portfolio manager. If a manager's trades involve S&P 500 stocks over 95% of the time throughout the entire time series, then that portfolio manager is classified as an index fund. 2 Other studies that have used Abel Noser data include Lipson and Puckett (2007) , Goldstein, Irvine, Kandel, and Wiener (2009 ), Chemmanur, He, and Hu (2009 ), Hu (2009 . 3 One concern is that our criteria may include ''enhanced'' index funds that target the index but try to improve performance through active investing. In practice, it is rare for active index funds to hold over 450 index stocks. Of the 21 enhanced index funds listed in Morningstar, only three specialty funds held enough S&P 500 stocks to meet our criteria. Table 1 provides summary statistics for the Abel Noser data. The sample begins January 1, 1999 and ends December 31, 2005. We were able to identify 56 S&P 500 index funds and 2,562 other fund managers. On an average day, the non-index fund managers make over 50,000 trades and trade over 420 million shares, representing approximately $127 billion worth of stock. Index funds account for nearly 2.7 million shares and over $100 million in volume per day. We also obtain quarterly holdings from Thomson Financial for all institutional investors with greater than $100 million dollars in total assets. We collect data on the quarterly holdings of institutional investors from the S34 files. These institutions include banks, insurance companies, investment companies, independent advisors, and others (such as internally managed pension funds, foundations, and endowments). In addition, we obtain holdings data for mutual funds at the fund manager level (from the S12 files). We merge the S12 files with the CRSP Mutual Fund database to obtain information about each mutual fund's Lipper investment objective. Using these investment objectives, we sort mutual funds into the following eight groups: S&P index, mid-cap, small-cap, growth, growth & income, balanced, capital appreciation, and other (sector oriented funds, global funds, and specialty funds). Table 1 also provides summary statistics for the Thomson Financial data. In an average quarter, we are able to obtain holdings data for 60 S&P 500 index funds. Collectively, index funds manage $200 billion in assets and hold 1.84% of an average stock's total shares outstanding. Index funds demand roughly 0.02% of a stock's shares outstanding per quarter, suggesting that index funds grew during our sample period. Growth, growth and income, and ''other'' are the three largest investment objectives, each with over $600 billion in total assets. In the S34 data, independent advisors are the most numerous in the sample. There are 937 independent advisors compared to 78 investment companies (mutual fund families), although as a group they are similar in size with both managing nearly $3 trillion dollars in total assets.
S&P 500 Index composition changes
Composition changes to the S&P 500 Index are usually instigated by the need to remove a firm. Stocks may be deleted from the index because they represent an industry that is declining in importance, or if the stock itself is no longer representative of an important industry. Stocks may also be deleted for event-driven reasons such as mergers or bankruptcies. Additions are typically announced along with deletions to maintain 500 stocks in the index. In selecting which stock to add, Standard and Poor's considers the firm's industry, along with firm-specific characteristics such as size, liquidity, and operating performance.
The initial data on S&P 500 Index composition changes are obtained from Jeff Wurgler's website, 4 and we update it with information from Standard and Poor's and Dow Jones Newswire. In recent years, Standard and Poor's has sought to announce composition changes several days before they become effective. In our sample, the mean (median) number of trading days between the announcement and effective dates is 5 (4). There is variation, however, with some added stocks becoming effective on the announcement date and others with over 20 days between announcement and effective dates.
We collect data on 306 index additions from 1999 to 2005. We first eliminate 11 name changes that do not require trading. Next, since we are interested in index fund trading prior to the effective date, we eliminate 34 index changes where the difference between the announcement date and effective date is one day or less. As in Chen, Noronha, and Singal (2004) , we also require return data in CRSP for at least 60 trading days before the event and 90 trading days after the event, which helps eliminate changes that do not require trading such as mergers and acquisitions. This leaves us with 145 additions.
Stock returns following index composition changes
We begin with an examination of abnormal stock returns around S&P 500 Index composition changes. We compute abnormal returns by placing each added stock into one of six benchmark portfolios based on size and book-to-market. 5 The abnormal returns for an added stock is computed as the buy and hold raw return of the added stock less the buy and hold value-weighted return of its corresponding size and book to market portfolio.
We find that added stocks earn large abnormal returns of 3.92% (t-stat=11.86%) on the announcement date. Added stocks also earn abnormal returns of 2.76% (t-stat=3.57) between the announcement and effective date. As suggested by Beneish and Whaley (1996) , the gradual price response is consistent with risk arbitragers buying added stocks between the announcement and effective date in order to profitably reverse their position on the effective date when index funds demand liquidity.
6 On the effective date, added stocks continue to increase by another 0.76% (t-stat=1.68). Lastly, we find that additions experience partial price reversals after the effective date. In the 20 days after the effective date, added stocks earn abnormal returns of À2.27% (t-stat=À2.21). The gradual price increase prior to the effective date and the reversal following inclusion suggests index funds may benefit from trading strategically.
Institutional trading around S&P 500 Index additions
Evidence from transaction data
The natural rebalancing strategy for index funds following composition changes is to buy added stocks and sell deleted stocks on the effective date near the closing price. This allows funds to closely track the index but likely produces high transactions costs due to price pressure. Inducing investors to provide the liquidity necessary to rebalance their portfolios on the effective date likely requires index funds to trade at inferior prices. The return patterns documented in Section 1 suggest that trading away from the effective date may reduce the price impact of trading and improve investment performance. How do index funds respond to this tradeoff between tracking error and price impact? Beneish and Whaley (1996) and Lynch and Mendenhall (1997) find evidence of increased trading volume between the announcement and effective dates, yet this could be driven by hedge funds and other arbitrageurs seeking to profit by the effective date response. In contrast, we examine the specific trades of index funds to investigate whether they are willing to accept tracking error in an attempt to mitigate the effects of price pressure. 5 We measure market capitalization as measured on the day prior to the announcement date and compare it to the corresponding monthly NYSE breakpoints. Stocks above (below) the median breakpoint are classified as large (small). Book-to-market ratio is calculated using data from Compustat for the fiscal year prior to the composition change and compared to yearly NYSE breakpoints. Stocks in the lowest (highest) three deciles are considered growth (value), and stocks in the middle four deciles are considered neutral. Data on decile breakpoints and the six benchmark portfolios is obtained from Ken French's website. Fig. 1 plots the average percentage net trading of index funds for the 145 additions in our sample. For each stock, percentage net trading is computed as the net share volume traded in a stock scaled by the stock's shares outstanding. Consistent with an emphasis on minimizing tracking error, index funds trade significant amounts of stock on the effective date. The index funds in our sample trade roughly 0.60% of a stock's market capitalization on the effective date. The average market capitalization of added stock in the sample is roughly $13.3 billion. Thus the index funds in the sample buy roughly $80 million of added stocks on the effective date. Fig. 1 also provides evidence that index funds trade around the effective data in an attempt to mitigate transaction costs. The plot reveals a gradual increase in net trading of added stocks from days À5 to À1, which suggests that index funds are buying added stocks before the effective date. Similarly, the gradual decline from day 1 through day 5 indicates that funds continue to buy added stock after the effective date. The results in Fig. 1 provide evidence that some index funds do trade around the effective date in an attempt to mitigate transaction costs. Table 2 provides more detailed results. The analysis splits trading into three periods: between the announcement date and effective date, the effective date, and 1-5 days after the effective date. 7 The table reports the percentage net trading (multiplied by 100) for both index funds and all other institutional investors in our sample. The table shows that index funds are substantial net buyers of added stocks before the effective date. Index funds in the sample buy 0.24% of an added stock before the effective date, which corresponds to roughly one-third of all trading between the announcement date and effective date. The last column reveals that index funds are significant net buyers of added stocks after the effective date as well (0.33%). Together, roughly 50% of the purchases of added stocks made by index funds between the announcement and 5 days after the effective date take place either before or after the effective date.
One concern is that index funds purchasing added stocks after the effective date may reflect new investor flows into the fund rather than a delayed response to the event. We address this issue by comparing index fund purchases to a benchmark stock. We measure trading as a percentage of shares outstanding, thus any index stock could serve as a benchmark. We select the next largest stock in the index to help control for the stock's prominence in the index, which may be relevant for tracking error. If a fund receives inflows, then to match the index they should trade the same percentage of the added stock as the benchmark stock. Table 3 presents the net trading of added stocks, the net trading of the benchmark stock, and the difference in net trading. We extend the analysis to 120 trading days after the effective date to examine the length of time necessary for index funds to fully establish their position in the added stock. The table shows the delayed buying documented in Table 3 is not driven by fund flows. Controlling for fund flows over the 5-day period after the effective date actually increases average net buying (from 0.586% to 0.587%). Table 3 also reveals that abnormal buying extends well past five trading days after the effective date. Net buying is still highly significant after 16-30 trading days and even 31-60 trading days after the effective date, which implies some index funds wait more than 6 weeks to fully rebalance their portfolios following index changes. The results from Fig. 1 and Tables 2  and 3 provide convincing evidence that index funds trade strategically around the effective date to reduce the effects of price pressure. 
Evidence from quarterly holdings
The results from Table 2 reveal that other institutions are significant net sellers of added stocks both between the announcement date and effective date and on the effective date. To get a better sense for who is providing liquidity to index funds, we use data from Thomson Financial to examine changes in the quarterly holdings of mutual funds around index additions. For each mutual fund (j) and each added stock (i), net trading is defined as Shares_Held j;i;t Shares Outstanding j;i;t À Shares_Held j;i;tÀ1 Shares Outstanding j;i;tÀ1 ;
where t (tÀ1) refers to the report date directly after (prior) to the effective date. We then sort mutual funds into one of eight groups based on their Lipper investment objective. We sum net trading across all mutual funds in a given investment objective to assess the aggregate demand by each investment objective. During the sample period, the mutual fund industry grew rapidly. For example, the percentage of total equity held by mutual funds increased from 24.7% in 1999 to 28.8% in 2005 (French, 2008) . As a result, mutual funds will be net buyers of all stocks during the sample on average. To examine whether mutual fund demand for added stocks is above and beyond their demand for a typical (i.e., non-added) stock, we also compute a flowadjusted measure of net trading. For each mutual fund, flow-adjusted net trading is computed as the net trading in added stock i less the average net trading across all other stocks traded during the same period. For each index addition, we sum this measure across all mutual funds in a given investment objective. Table 4 presents the average net trading and flow-adjusted net trading for mutual funds with various investment objectives. As expected, S&P index funds are significant net buyers of added stocks. On average, S&P 500 index mutual funds demand about 1.65% of a stock's total shares outstanding in the quarter of the effective date.
8 Mid-cap and small-cap Table 3 Index fund trading of newly added stocks following index changes. The table reports the total net order flow across index funds for newly added stocks to the S&P 500 index (in percent of shares outstanding*100). The table also reports total net order flow for a benchmark stock, which is chosen as the next largest stock in the index. The difference is the incremental trading in the newly added stock over the benchmark. The transaction sample is from Abel Noser and covers 1999-2005.
Period
Added funds are significant net sellers of added stocks. Mid-cap and small-cap funds sell roughly 1.12% of added stocks' shares outstanding, suggesting that these funds provide a large portion of the necessary liquidity demanded by S&P 500 index funds. Moreover, in unreported results we find that over 40% of mid-cap and small-cap funds always sell recently added stock, which suggests that some mid-cap and small-cap funds act as dedicated liquidity providers. The other investment objectives neither demand nor provide significant amounts of liquidity around index changes. In aggregate, mutual funds are significant net buyers of added stocks during the effective date quarter. However, the flowadjusted demand is not significantly different from zero, suggesting that aggregate mutual fund demand for added stocks is similar to their demand for other non-added stocks during the sample period.
We also look at the S34 files to examine the trading of all institutional investors around the effective date. Unfortunately, the S34 files report fund holdings at the fund family level and therefore we are not able to separate out the trades of index funds. Instead, we report the aggregate net trading and flow-adjusted net trading for the following groups of institutional investors: banks, insurance companies, investment companies (primarily Table 4 Changes in institutional holdings around index additions.
The table reports the fraction of shares bought or sold by different types of institutional investors around index additions (in percent*100). For each added stock, net trading is computed as the difference in the number of shares held by a fund at the report date immediately after the effective date less the number of shares held by a fund in the report date immediately prior to the effective date, scaled by total shares outstanding. Flow-adjusted net trading is the net trading for the added stock less the average net trading across all other stocks traded by the fund. In Table 4 reveals that banks are significant buyers of recently added stocks. Their average demand of 1.8% is more than triple the size of net mutual fund demand, which is consistent with Del Guercio (1996), who finds that banks tend to tilt their portfolio towards stocks in the S&P 500, whereas mutual funds do not. Insurance companies and independent advisors neither demand nor supply liquidity around index changes. Not surprisingly, our results for investment companies are similar to our mutual fund findings (from Panel A). In aggregate, investment companies demand roughly 0.5% of an added stock's shares outstanding. Other institutional investors are significant suppliers of liquidity around index additions. However, the magnitude of their net selling is relatively small compared to the net buying of banks and investment companies. As a result, institutional investors, in aggregate, are net buyers of 2.4% of an added stock's shares outstanding. Controlling for fund flows does not significantly reduce this effect. Since the overwhelming majority of institutional investor holdings are reported in the S34 files, our results are consistent with the view that retail investors provide significant liquidity to institutional investors around index changes (e.g., Kaniel, Saar, and Titman, 2008) .
The supply of liquidity and inclusion returns
In this section, we examine whether the presence of natural liquidity providers, such as small-cap and mid-cap funds, mitigate the price pressure associated with index fund trading. Our primary proxy for the supply of liquidity is the percentage of a stock's shares outstanding held by small and mid-cap funds in the quarter prior to the effective date, which we denote LS. An additional proxy the supply of liquidity is size, which we measure as the market capitalization of the added stock on the day prior to the announcement date. Retail investors tend to tilt their holdings towards smaller stocks, suggesting that size might correlate negatively with a retail investor's ability to provide liquidity. In addition, size is negatively correlated with LS (r=À0.28), indicating that small and mid-cap funds are also able to provide more liquidity for smaller added stocks.
To investigate whether cross-sectional variation in the supply of liquidity is related to abnormal returns around index additions, we regress inclusion returns on our proxies for the supply of liquidity (LS and size), as well as additional control variables. We measure inclusion returns at three horizons: the announcement date, the effective date, and from the announcement date through the effective date (inclusive). The magnitude of inclusion returns should be related to both the slope of the demand curve and the size of the demand shock. Wurgler and Zhuravskaya (2002) show that the slope of the demand curve is related to the level of arbitrage risk, which they argue proxies for the availability of close substitutes for a given stock.
Following Wurgler and Zhuravskaya (2002) , we estimate arbitrage risk as the root mean squared error from a market model regression using daily data over the 270 to 20 days prior to the announcement. In addition to arbitrage risk, illiquid stocks may also have steeper demand curves (at least in the short run). We estimate illiquidity as in Amihud (2002) using the 21 trading days prior to the announcement date. Lastly, to estimate the size of the demand shock (LD), we measure the total percentage of shares outstanding held by index funds for all stocks currently included in the S&P 500. We reduce the effects of outliers by using the percentage held for the median stock as our estimate for LD. Size, LS, and LD are transformed using natural logs to reduce skewness. Finally, all independent variables are standardized to have zero mean and unit variance to facilitate direct comparisons of the coefficients.
Panel A of Table 5 first presents the univariate relation between inclusion returns and our proxies for the supply of liquidity. Our measure of liquidity supply is strongly negatively related to effective date returns and size is positively related to effective date returns. Moreover, cumulative abnormal returns measured from the announcement date through the effective date are strongly significantly related to size. Neither LS nor size are Table 5 The supply of liquidity and inclusion returns.
This table presents the results of regression on inclusion returns on proxies for the supply of liquidity and additional control variables. Inclusion returns are measured over three different horizons: Announcement (Effective) Date Return is the abnormal returns on the announcement (effective) date, and Announcement to Effective Date return is the abnormal return from the announcement date through the effective date (inclusive). Abnormal returns are computed as the return of the added stock less the return on a matching portfolio based on size and book-to-market. Arbitrage risk is the root mean squared error from a market model regression 250 to 20 days prior to announcement. Illiquidity is Amihud's (2002) measure of illiquidity for the added stock measured one month prior to the announcement date. Liquidity Demand (LD) is the percentage of shares outstanding held by index funds for the median sized stock in the S&P 500 computed using the holdings report date immediately prior to the effective date. Liquidity Supply (LS) is the percentage of an added stock's shares outstanding held by small-and mid-cap funds in the report date immediately prior to effective date. Size is the market capitalization of the added stock on the day prior to the announcement. LD, LS, and Size are expressed in natural logarithms. All independent variables are standardized to have zero mean and unit variance. Heteroscedasticity robust t-statistics are in parentheses. Table 5 reports the results of the multivariate regressions. Consistent with Wurgler and Zhuravskaya (2002) , we find that arbitrage risk is strongly related to inclusion returns. Illiquidity is also strongly related to announcement date returns, but this relationship appears to reverse after the announcement date. Our measure of index fund liquidity demanded (LD) is positively related to inclusion returns but none of the coefficients are reliably different from zero. Most interestingly, our proxies for liquidity supplied (LS) remain highly related to effective date returns. In addition, cumulative abnormal returns measured from the announcement date through the effective date are strongly related to both LS and size. Specifically, a one standard deviation increase in LS corresponds to a 2.99% reduction in the returns for an added stock from the announcement date through the effective date. The results suggest that the presence of natural liquidity providers can alleviate some of the price pressure around index additions.
Determinants of strategic trading by index funds
The results from Table 2 suggest that roughly 50% of index fund trading occurs away from the effective date. In this section, we investigate the determinants of cross-sectional variation in strategic trading around composition changes. Specifically, we estimate logit regressions for strategic trading on a number of stock and fund characteristics. The dependent variable takes a value of 1 if the fund engages in pre-or post-event trading and 0 otherwise. Pre-event trading is defined as trading between the announcement and effective date, and post-event trading is defined as having abnormal net buying one to five trading days after the effective date.
We consider three fund-specific independent variables: Fund Volume, Trade Size, and Lagged Strategic Trading. Fund Volume is a proxy for the size of the fund and is measured as the total dollar volume for all stocks traded by the fund in the 21 trading days prior to the index change. After controlling for total volume, Trade Size, measured as the average dollar volume during the 21 days before the event, measures the fund's propensity to break up trades into smaller amounts to mitigate price pressure, which may reflect a greater emphasis on reducing transaction costs. Finally, we include a dummy variable, Lagged Strategic Trading, which equals 1 if the index fund has traded strategically for previous composition changes and 0 otherwise. This variable allows us to examine whether certain funds persistently engage in strategic trading.
In addition to fund characteristics, we analyze several stock characteristics defined in Section 2.3. We conjecture that price pressure may be a greater concern for less liquid stock and include illiquidity. Similarly, we include arbitrage risk to explore whether the slope of the demand curve influences index fund trading. We include an NYSE dummy variable to control for the fact that specialist markets may be better than dealer markets at mitigating the price effects of a demand shock (Elliott and Warr, 2003) . The results in Table 5 suggest that price pressure tends to be less severe for stocks with large amounts of natural liquidity providers, and as a result index funds may have less of an incentive to engage in strategic trading for these stocks. Conversely, if there is a large expected demand for the added stock, index funds may have a greater need to trade strategically. We include LS and size to proxy for the expected supply of liquidity and LD to proxy for the expected liquidity demand.
The logit regression results are presented in Table 6 , where standard errors for the Z-scores are clustered by fund.
10 Unconditionally, of the 2,279 fund/addition observations, Table 6 Determinants of strategic trading around index additions. The table reports the results from logit regressions on whether index funds trade strategically around index composition changes. Pre-Event trading is defined as trading between the announcement date and the effective date, and Post-Event trading is defined as abnormal purchases of the included stock 1-5 days after the effective date. The dependent variable is 1 if the fund traded pre-or post-event. Lagged Strategic Trading is a dummy variable equal to 1 if the index fund previously traded strategically in the past. Fund Volume is the sum and Trade Size is the average of the dollar volume of all trades made by the index fund in the month prior to the announcement date. Liquidity Demand (LD) is the percentage of shares outstanding held by index funds for the median sized stock in the S&P 500 computed as of the holdings report date immediately prior to the effective date. Liquidity Supply (LS) is the percentage of an added stock's shares outstanding held by small and mid-cap funds as of the report date immediately prior to effective date. Size is the market capitalization of the added stock on the day prior to the announcement. LS, LD, and Size are expressed in natural logarithms. Iliquidity is Amihud's (2002) measure of illiquidity measured one month prior to the announcement date. Arbitrage risk is the root mean squared error from a market model regression 250 to 20 days prior to announcement. Z-scores based on standard errors clustered by index fund are reported in parentheses. Marginal effects are evaluated at the mean of the independent variable.
Coefficients
Determinants of pre-and post-event trading
Lagged strategic trading We include year dummies to capture any time trend. To conserve space, the coefficients on the intercept and year dummies are not reported in the table. However, the year dummies confirm the pattern of increasing strategic trading discussed in the previous section. Using 2002 as the omitted year, the year coefficients for 1999 through 44.67% involve strategic trading. The results in Table 6 indicate that fund characteristics help explain variation in strategic trading around index composition changes. Large funds are more likely to trade strategically. The coefficient on Fund Volume is positive and significant; interpreting the marginal effect at the average level of the independent variables suggests an additional $1 billion dollars of fund trading over the previous month increases its likelihood of trading strategically by 65%. After controlling for fund size, funds that trade in smaller average amounts are significantly more likely to trade strategically, which is consistent with a greater emphasis on reducing price pressure and a lower concern for tracking error. Also, funds that have previously traded strategically are significantly more likely (28%) to continue doing so. The results suggest certain funds emphasize minimizing tracking error while others consistently take actions to mitigate the price pressure associated with index changes.
At the stock level, funds are significantly more likely to trade illiquid stocks strategically. We also find that funds are more likely to trade large stocks early. Since large stocks tend to have fewer natural liquidity suppliers, this finding is consistent with the supply of liquidity influencing the trading behavior of index funds. This interpretation, however, is inconsistent with the positive coefficient on LS. However, when we exclude size from the regression, the coefficient on LS becomes negative and marginally significant (p-value=0.08). There is little evidence that index fund trading is influenced by arbitrage risk or LD. Taken together, there is evidence that index funds respond to firm-specific variables, such as illiquidity and size. However, the majority of strategic trading is explained by fund-specific factors such as fund size. The regression on fund variables alone has a pseudo-R 2 of 20.69%, whereas for stock-specific variables the pseudo-R 2 is 9.25% (both specifications include year dummies).
The performance and tracking error implications of strategic trading
We next investigate how index funds' strategic trading impacts their investment performance. Specifically, we compare the actual returns earned by the index funds in our sample that trade strategically to the counterfactual returns that these funds would have earned if they traded entirely on the close on the effective date. In computing counterfactual returns, we assume that funds can buy the added stock at the close of the effective date without pushing prices further. In this way, our measure provides a lower bound of the price improvement to strategic trading.
More formally, for each trading day on or before the effective date, we compute abnormal returns as
where CP ED is the closing price for the added stock on the effective date, and XP t is the volume-weighted average purchase price for the index funds in our Abel Noser dataset that traded the added stock on event day t. the S&P 500 Index on the effective date and event date t. 11 We adjust for S&P 500 price movements based on the assumption that index funds raise the capital needed to buy added stocks by reducing their positions in their other holdings.
12 To gain some intuition for this measure, consider an index fund that decides to buy an added stock one day prior to the effective date. To raise capital for this purchase, the index fund sells a portion of its S&P 500 holdings for $100 (SP t ) and buys the added stock at $50 (XP t ). If the index fund had waited until the close of the effective date, it could have sold the same portion of the S&P 500 for $101 (SP ED ), but it would have had to pay $52 (CP ED ) to purchase the added stock. In this example, the abnormal return to strategic trading would be 3%.
Similarly, for late trading, which we define as trading that occurs between one and 5 days after the effective date, we compute abnormal returns as
We value weight the abnormal return on each event day by the total dollar volume traded on that day to create the aggregate abnormal return for early (or late) trading.
The results of the analysis are presented in Table 7 . Equally weighting across each index addition, we find that index funds earn abnormal returns of 2.10% by trading before the effective date and 1.54% by trading after the effective date, both of which are statistically significant at the 1% level. Trading on the effective date (but not at the close of trading), earns index funds 0.22%.
In addition to this equally weighted approach, we also value weight each index addition by the percentage of total early (or late) trading that occurred in that stock. This approach gives more weight to index additions in which the magnitude of strategic trading was larger. Using this approach, we find that the actual dollar volume traded by index funds prior to the effective date was $5.04 billion. However, if these funds had waited to purchase the stock at the closing price on the effective date, it would have cost $5.38 billion to buy the same amount of shares. Thus, the index funds in our sample saved $341 million by trading early, or $2.34 million dollars per index change. Similarly, late trading resulted in an average price improvement of $0.91 million per index change. The results indicate that strategic trading around composition changes can have a meaningful effect on fund performance.
Although many index funds trade in strategic ways around index composition changes, we still observe that roughly 50% of index fund trading volume occurs on the effective date. One potential explanation is that index funds are reluctant to trade away from the effective date due to the increased tracking error associated with such strategies. We investigate this issue by examining the tradeoffs between beneficial transaction prices and tracking error volatility. Specifically, we consider the returns and tracking error volatility associated with several possible trading strategies from the day after the announcement through 10 trading days after the effective date.
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Stocks prices are adjusted for various distributions (e.g., stock splits, dividends, etc.), so that comparisons can be made between event day and effective date prices.
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An alternative assumption would be to assume they raise the capital by selling the deleted stock. However, incorporating deletions is complicated by the fact that most deletions were the result of mergers, tender offers, bankruptcies, etc. Moreover, the typical deleted stock is significantly smaller than the typical added stock. This difference would be covered by index funds reducing their positions in other S&P 500 stocks.
We compute abnormal returns associated with each trading strategy. For strategic trading before or on the effective date, abnormal returns are computed using Eq. (1); for trading after the effective date, abnormal returns are computed using Eq. (2). 13 We scale the abnormal returns for each index addition by its weight in the S&P 500, which is measured as the market capitalization of the added stock on the announcement date divided by the market capitalization of the S&P 500. This approach allows us to assess how strategic trading affects the overall fund performance. For example, if buying an added stock following the announcement date results in an abnormal return of 200 basis points, and the stock represents 1% of the total market capitalization of the S&P 500, then the transaction would contribute two basis points to the fund's aggregate abnormal return. Summing across each index change in a given year provides an estimate of the impact of strategic trading on total annual fund performance. Fig. 2 plots the results. On average, index funds are able to enhance their annual performance by 10.5 basis points by trading the day after the announcement date. However, trading following the announcement does generate significant variation in returns. Across years, the variation in abnormal returns is 11.3 basis points. Dividing the return improvement by the tracking error volatility indicates that this strategy produces an information ratio of 0.93. Alternative investment strategies, such as trading the day before or the day after the effective date result in significantly lower outperformance (roughly 4 to 5 basis points) but also generally less tracking error volatility. Trading entirely on the Table 7 Performance implications of strategic trading by index funds around index additions.
The table reports the performance implications for index funds trading away from the closing price on the effective date for S&P 500 Index additions. Pre-Event trading is defined as transactions that take place between the announcement date and effective date. The Effective Date describes transactions that take place on the effective date prior to the close, and the Post-Event period is defined as 1-5 days after the effective date. Equalweighted Percentage Savings is the average (across the 145 index additions) percentage difference between index funds' value-weighted transaction price and closing price on the effective date less the S&P 500 return over the same period. Actual Dollar Value Traded is the total amount traded by index funds in $Millions. Value Using Effective Date Closing Price is an implied cost under the assumption that index funds rebalanced their holdings entirely at the closing price on the effective date. Total Dollar Savings shows the aggregate savings from trading away from the closing price on effective date. Savings Per Index Change shows the (value weighted) average savings in $millions across the sample of 145 index changes. In some cases, announcement date (þ1) is equivalent to effective date (Àx). For example, if there are 4 days between the announcement date and the effective date, then announcement (þ1) is the same day as effective date (À3). In these cases, the effective date (À3) results exclude all funds where the difference between the announcement date and effective date was 4 days or less. effective date but prior to the close generates the smallest abnormal returns of 1.6 basis points, yet the strategy also results in the smallest tracking error volatility and an information ratio of 1.30. 14 The results suggest that the optimal trading strategy for index funds depends on how the fund weights the benefits of higher expected returns with the costs of greater tracking error. The information ratio (abnormal return over tracking error volatility) is maximized by trading on the effective date, which may explain why roughly half of index fund trading takes place on the effective date. On the other hand, Elton, Gruber, and Busse (2004) find that index fund flows are significantly related to performance but are unrelated to tracking error volatility. Thus, if a fund manager is interested in maximizing assets under management, our evidence suggests the optimal strategy is to trade strategically around the effective date and specifically on the date following the announcement. Returns are calculated using value-weighted purchase transaction prices and compared to the effective date closing price. Abnormal returns are measured by subtracting the return on the S&P 500 index. Each abnormal return is scaled by its weight in the S&P 500 index and summed across all index additions in a given year. Mean Return refers to the average abnormal returns across the 7 years in the sample (1999) (2000) (2001) (2002) (2003) (2004) (2005) . Standard Deviation is a measure of tracking error volatility and is the standard deviation of the yearly abnormal returns. The Information Ratio is a measure of risk-adjusted performance and is defined as the ratio of Mean Return divided by the Standard Deviation.
14 Information ratios in excess of one are rare. Goodwin (1998) analyzes 48 actively managed mutual funds benchmarked to the S&P 500 and finds that they have an average information ratio of 0.11 with a standard deviation of 0.37.
Conclusion
S&P 500 index composition changes have a large and partially temporary effect on the prices of added stocks, which suggests funds that track the index may be able to improve performance by trading strategically around composition changes. In this study, we examine transaction level data from index funds and investigate their willingness to accept tracking error in order to trade at more favorable prices. We find index funds purchase stocks beginning with the announcement of composition changes and do not fully establish their positions until weeks after the effective date. Intuitively, strategic trading is more evident among large funds and for large and illiquid stocks, which is consistent with a greater emphasis on price pressure.
We also document that the source of liquidity following index composition changes has important capital market implications. The types of stocks that are typically added to the index, specifically firms that have grown large through a period of strong performance, leads to the presence of natural liquidity providers such as small-and mid-cap funds. We find stocks with a larger fraction of shares held by small-and mid-cap mutual funds experience significantly smaller inclusion price effects.
Strategic trading by index funds can have a beneficial impact on performance. We use transaction prices to measure returns and find that funds trading on the day following announcement are able to improve portfolio performance by roughly 10 basis points per year. On the other hand, the strategy is not riskless and leads to tracking error for the fund. Scaling the incremental portfolio return for various trading strategies by the incremental risk, we find the information ratio is maximized on the effective date, which may explain why roughly half of index fund trading takes place on the effective date. However, given that fund flows are more sensitive to performance than tracking error (e.g., Elton, Gruber, and Busse, 2004) , our evidence suggests the optimal strategy for managers interested in maximizing assets under management is to trade strategically around the effective date.
